44 Gene-environment interplay in immune phenotypes has been extensively studied using steady-45 state cellular immune profiles (1-3), functional immune responses (2,(4)(5)(6)(7)(8), post-vaccination 46 responses (9,10) and V,D and J usage biases in naïve and memory T and B cell compartments 47 (11). Some of these studies have identified genomic correlates associated with specific steady-48 state immune phenotypes (2) and vaccine responses (12). However, there are conflicting findings 49 regarding the relative importance of genetic versus environmental factors in regulation of 50 immune phenotype (1,2,13,14), warranting further investigations at the population-level in 51 humans and mechanistic studies in mice on regulation of individual immune phenotypes. 52 53 Memory subsets in T and B lymphocytes are immune populations that are generated in response 54 to past immunogen exposure. Immunological memory, providing long-term persistence of 55 antigen-experienced cells contributing to rapid and robust responses following re-exposure (15), 56 is likely to have evolved in an ecosystem where environmental challenges including repeated 57 infections would be the norm (16) and the persistence of long-lasting antigen-specific cells 58 generated during immune responses would confer survival advantage (17). However, it is 59 possible that larger memory lymphocyte pool sizes may carry costs such as restriction of space 60 for the more repertoire-diverse naive T cell compartment (18), attrition of pre-existing memory 61 (19), and other bioenergetic costs (20). Such selection may well result in 'optimum' sizes of 62 memory lymphocyte pools (21), and these pool sizes could show population diversity, depending 63 on the diversity of pathogens in the ecosystem and their exposure rates (22). Diversity in pool 64 sizes of memory lymphocytes in a population could thus be determined by a combination of 65 genetic variability and diversity of environmental exposures. 66 4 67 A number of mechanisms can be envisaged regulating the pool size of the memory T cell 68 compartment, including cumulative life-time antigen-exposure and re-exposure, antigenic 69 persistence, degree of expansion, cell survival, attrition and niche-space availability (21,23-26). 70 Immune cells occupy a limited niche space in lymphoid organs (27) or in the periphery (28). This 71 niche size could be a function of size and/or structure of supporting lymphoid tissue architecture 72 (29), along with intrinsic properties of cells occupying the niche. Similar determinants could 73 affect steady state levels of transient cell populations such as immediate-effector T cells (30) and 74 plasmablasts, but their steady state levels would be expected to fluctuate more with short-term 75 environmental changes. 76
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22 Memory T and B lymphocyte numbers are thought to be regulated by recent and cumulative 23 microbial exposures. We report here that memory-phenotype lymphocyte frequencies in B, CD4 24 and CD8 T-cells in 3-monthly serial bleeds from healthy young adult humans were relatively 25 stable over a 1-year period, while recently activated -B and -CD4 T cell frequencies were not, 26 suggesting that recent environmental exposures affected steady state levels of recently activated 27 but not of memory lymphocyte subsets. Frequencies of memory B and CD4 T cells were not 28 correlated, suggesting that variation in them was unlikely to be determined by cumulative 29 antigenic exposures. Immunophenotyping of adult siblings showed high concordance in memory, 30 but not of recently activated lymphocyte subsets, suggesting genetic regulation of memory 31 lymphocyte frequencies. To explore this possibility further, we screened effector memory (EM)-32 phenotype T cell frequencies in common independent inbred mice strains. Using two pairs from 33 these strains that differed predominantly in either CD4EM and/or CD8EM frequencies, we 34 constructed bi-parental bone marrow chimeras in F1 recipient mice, and found that memory T 35 cell frequencies in recipient mice were determined by donor genotypes. Together, these data 36 suggest cell-autonomous determination of memory T niche size, and suggest mechanisms 37 maintaining immune variability. 233 Interestingly, CD4 and CD8 memory T cell subsets showed a strong correlation (correlation 234 coefficient = 0.61, p < 0.001) ( Fig. 2B ), suggesting shared determinants of memory cell subsets 235 within the T cell lineage. On the other hand, frequencies of CD4 TEMRA or CD8 TEMRA cells 11 236 or plasmablasts did not show any correlations with memory T or B cell frequencies or with each 237 other (Table 1) ]. We 258 compared the differences in cell frequencies between siblings with the differences between 259 random pairs of non-siblings for memory CD4, memory CD8 and memory B cells, and for 260 plasmablasts, CD4 TEMRA or CD8 TEMRA cell frequencies. The analysis showed that 261 differences in cell frequencies between siblings were significantly less than the differences 262 between random pairs of non-siblings for memory CD4, memory CD8 and memory B cells, but 263 not for plasmablasts, CD4 TEMRA or CD8 TEMRA cell frequencies ( Table 2 ), suggesting that 264 there was indeed likely to be a genetic contribution to the variations in memory cell frequencies, Our preliminary data showed that CBA/CaJ and C57BL/6J showed differences in both EMCD4 307 and EMCD8 compartments with C57BL/6J showing higher EMCD4 and EMCD8 frequencies 308 and counts than CBA/CaJ (Fig 4A -4D) . On the other hand, BALB/cJ and SJL/J differed in 309 EMCD4 but not EMCD8 compartment (Fig 4E -4H 428 and CD8 memory frequencies show differences, but that total numbers of these cells per organ 429 also showed the same differences, indicating that subset frequencies are reasonable surrogates for 430 the pool size of these subsets. We also have noted that animals maintained in our facility had 431 relatively high frequencies of EM phenotype T cells even at steady state. Even though mice were 432 harbored in a specific-pathogen-free facility, it remains possible that there might be variations in 433 microbial antigenic burden or gut microbiome composition between laboratories, although these 434 factors are difficult to quantify. Long years of reproductive isolation because of inbreeding could 435 also have contributed to these differences.
436
437 Our mixed bone marrow chimera experiments allowed us to examine whether the CD4 and/or 438 CD8 memory levels were genetically determined and whether these genetic influences were T 439 cell-intrinsic in nature. Our data suggest that donor genotype-specific cell-intrinsic factors 440 strongly influence both CD4 and CD8 memory T cell pool size.
441
442 Using gene expression data of mouse splenic CD4+ve CD62L+ve T cells available in the public 443 domain (33) we attempted to characterize genetic differences that could explain differences in 444 CD4 memory phenotype. There are a number of limitations in our approach. Firstly, we do not 445 evaluate gene expression differences in the same mice (or even mice from the same small animal 446 facility) that we experimentally find phenotypic differences for, and differences in phenotype that 447 we observe could be influenced by additional facility-specific environmental factors as well.
